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(71) Wc, PHARMACIA AKHE- 
BOLAG a Swedish Company, of Rapsgatan 
7, Uppsala, Sweden, do herwy declare die 
invendon, for which we pray rhaf a patent 
5 may be gpnted to us, and the method by 
which is is to be performed, to be pardcixr 
larly described in and by die foUowing state- 
ment: — 

Hie present invention relates to a mediod 
10 for treating flnid-dischaiging sidn sxufaces, 
wounds, sores, and mucous membranes, and 
to means for carrying out the method. 

Previous proposals have been made to use 
liquid-absorbing materials in conjuncdon 
15 with liquid-dischaxging skin surfaces. Accord- 
ing to one mediod, the material is a wound 
dressing whidi is placed over dlie liquid-dis- 
chaiging sldn surface and itself absorbs the 
liquid. 

20 The aqueous liquid which is discbarged 
from a wound may contaixi, inter dsa, 
fibrinogen and d^radation products of 
fibrim^en, so^ralled split products. In the 
last stage of blood coagulatioot, thrombin 

25 'converts the fibrinogen enzymadcaHy tt> 
fibrin monomers, ^diich latter, by a cross- 
linking reacdon, promote the formation of 
scar. However, it has proved to be disad- 
vantageous if sudi scar is formed on a liquid- 

30 discbarging sldn surface. The scar forms a 
barrier capable of preventing the transporta- 
tion out the woimd dirt, bacteria, toxic 
degradadon products and odier substances 
which are detrimental to die healing process. 

35 Qeansing of the wound and subsequent heal- 
ing thereof is thereby imfavourably a£fec^. 

It has now been found that it is important 
tp have a low concentration of fibrin mono- 
mers and crossHnked fibrin immediately ad- 

40 jacent to the discharging surface, if the sur- 
face is to become effecdvely clean. The*" 
Applicants have discovered that the concen- 
tradon of fibrin monomers and the cross* 
linked fibrin on the actual liquid discharging 

45 surface can be so controlled that subsequent 
leacdons, i.e. the scar formadon, do not take 
place on the liquid discharging surface itself 
but at a distance therefrom. 



^ The present invendon provides a prepaia- 
don for treating a fluid-dischaxging skin sur- 
face, wound, sore or mucous membrane 
whidi comprises substantially dry panicles cf 
a water-insoluble hydrophilic macromolecular 
mat^ial capable of undergoing limited swell- 
ing in the fluid to form discrete gel pr- 
tidesi, the swellabtlity of the macromolecular 
material being such that die pardd^ ban 
absorb low molecular wd^t c^onstituents of 
bloody plasma but cannot absorb to any 
material extent fibrinogen or odier substances 
cf the same or hi^ier molecular wei^t, in 
admixture or coi^uncdon with a dermato- 
logically suitable carrier. It should be under- 
stood that the prq>aradon of the invendon 
may be used for treating any rupture of the 
skin surface^ whether external or internal, 
from which there is a disdhaige. The pre- 
paradon of the invention may be used for 
treating humans or animals; the gnimgl^ loay 
be commercially reared animals. 

The invendon also provides a pack for 
treating a fluid-disdiarsii^ skin surface, 
wound, sore or mucous membrane, which 
comprises a container or package containing 
substantially dry particles ctf a water-insoluble 
hydrophiHc macromolecular material capable 
undergoing limited swelling in die fltdd to 
form discrete gd particles, the swdlabilicy of 
the macromolecular material being such that 
the particles can absorb low moleailar weight 
constituents of l^ood plasma, but cannot to 
any material extent absorb fibrinogen or o±er 
substances of die same or higher molecular 
wdg^^ and also containing one or more pro- 
tective layers for retaining die macromole- 
cular material when applied to a wound. 

In addition to low molecular wdght salts, 
for example NaCl, KQ and CaCls> and amino 
adds, urea and glucose^ the low molecular 
weight constituents of blood plasma indude 
the so-called thrombocyte factors which in- 
fluence the first phase of the blood coagula- 
tion process. Bxamples cf such low molecular 
weight active substances indude prostaglan- 
dins^ serotonin, adrenaline, adenosine di- 
phosphate ^ADP), certain exo- and cndo- 
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toxins having hydrolytJc properties and di- 
valent cations such as calcium or magnesium. 

In accordance with one embodiment of xh& 
invendoc^ the macromolecular material may 
5 be sudi that high molecular weight degrada* 
tion products ot the fibrinogen, for example 
diose having a molecular weight of over 
270,CXX), praerably over 165,CXX), and pos- 
sibly also those having a molecular weight 
10 of over 85,000, or even those having a mole- 
cular weight cf over 50,000, are completely 
or pardy excluded from the pardcles. In 
accordance widi another embodiment of the 
invention, the macromolecular material may 
15 be such diat, in addidon to ±e low mole- 
cular weight consdments oi blood plasma, 
also substances having larger molecular 
weights (although smaller than fibrinogen) 
are permitted to penetrate completely or par* 
20 tially iuFto the water-swollen panicles. £x- 
an^les of such, relatively low moleaiTar 
weight substances are reladveiy low molecu- 
lar weight proteins and polypeptides, for ex- 
ample those having a low molecular weight in 
25 the region of up to approximately 5,000, or 
up to approxuDoately 20,000 or, in certain 
instances^ up to approximately 40,000. 

The macromolecular material is seleaed so 
that parades thereof in a water-swollen state 
30 could be used in a column for conventional 
gel filtration purposes, thereby making pos- 
sible^ by means of gd filtration techniques, 
the complete or partial separation of mole* 
cules of, for example^ the size of fibrinogen 
35 from sxnall or smaller molecules of the afore- 
mendoned type. The cleansing effect accord- 
ing to the invention may be achieved in a 
particularly favourable manner by selecting 
particles of macromolecular material having 
40 the afore-noentioned properdes, die water- 
swollen macromolecular material comprising 
a three-dimensional network. 

The favourable result obtained when 
cleansing disdiaiging skin surfaces using dry 
45 particles in accordance with the invention is 
thought to depend on a combination of several 
different effects. The dry particles initially 
absorb liquid between die pardcles by a 
capillary action and the extent to which this 
50 occurs dqsends on the space between the par- 
tides, and thus, when spherical partides are 
used, on the radius of the partides. A liquid 
migration from the surface of the wound 
through the partide layer is thus obtained 
55 at the same tune as the swelling of the par- 
tides takes place. Simultaneously, a partition 
d}romatographic effect is also obtained, since 
the low molecular weight constituezns of the 
liquid are distributed both within and out- 
60 side of the swollen partides depending on 
the nsolecular sizes, while the larger mole- 
cules for example fibrinogen, and, in accord- 
ance with some embodiments of the inven- 
tion, the large molecular weight split pn>- 
65 duas (degradation products) are unable to 



penetrate die same. The substances excluded 

from die partides migrate towards die outer 
layer of die partide mass while progressively 

being concentrated, although diis takes place 
under slight. or controllable changes in ion 70 
strength or pH. This means that the parti- 
dpadon of the fibrinogen in die formation 
scar takes place in*, a zone remote from 
the discharging surface^ instead of direcdy 
on said sumce: The content of fibrinogeik 75 
split products can also be increased by means 
of the afore-mentioned concentration effect 
The split products represent active cootfr- 
ponents in the coagulation process, because 
they prevent the polymerisation fibrin, 80 
which leads to the formation of a defective 
fibrin coagulum or to no fibrin coagulum at 
all, and prevent the first phase of me blood 
coagulation die fibrinogen degradation pro- 
ducts, the so-called plasma dbromboplastin 85 
formation phase. The coagulation phase, and 
therewidi me scar formation^ has in this way 
been modified and/or stopped by the formed 
g^ and coagulation no longer takes place 
direcdy on the discharging surface, but is 90 
moved to a zone remote dioef rom. This zone 
can readily be removed togedier with die gd 
partides> when these are lemovedL Qeansix]^ 
of die Hi'.vTiflTyng Surface is facilitated by 
keeping the dischnrgng surface free from 95 
such coagulation, dierd^y also facilitating 
granulation devdopment This greatfy facili- 
tates die later natural wound healing. 

An important effect which may be obtained 
when using the partides according to the irt- 100 
vention is that bacteria (and also small par- 
tides of dirt) are entrained with die liquid 
departing from the disdiarging surface to a 
zone whm they do not meet said surface 
and where diey later on may be readily le- 105 
moved togedier with the m partides. By 
means of sudi s^aration effects*, the growth 
of bacteria ms^ be inhiHted, because die 
medium surrounding the bacteria has been 
char^g^ The gd grains may also absorb IIO 
nasty-smelling low molecular wd^t d^rada- 
tion products horn bacteria; so that die smell 
from patients suffering from., for examplei 
discharging leg sores ^d bed sores need not 
cause &e odier patients and the nursing per- ! 15 
sonnel as great a discomfort as it does at pre- 
sent. Anodier important advantage obtained 
wh^ usix^ the partides according to the 
invention is that the parddes are 
generally soft and will not adhere 120 
to the surface of the sore, e\'en when 
samrated with fiuld from the discharging sur- 
face, thereby enabling the particles to be re- 
moved paixdessly« llie gd formed can be 
readily rerdoved by means of a spatula or 125 
may be washed away with a physiological 
saline soluuon. 

Some types of the dry partides of macro- 
molecular material which may be used in 
accordance with the present invendon are 130 
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known per se, for example parddes such as 
those obtained by the crosslinking of dextran 
or carbozyxnethyldextran with eplchloro- 
hydrin. These particles^ however, have not 
5 previously been used for cleansix^ discharg- 
ing skin surfaces, wounds and mucous men>* 
branes. A proposal has been made to incor- 
porate some of these known particles in a 
water-swollen state, together with odier com- 
10 ponents, in dermatological compositions for 
other purposes. These water-swollen par- 
tides, however, do not give a cleansing effect 
according to the present invention, which re- 
quires the partides to be substantially dry 
]5. when applied to the surface to be treated, so 
that the necessary migratioa of fluid in the 
partide layer may take place. 

Dermatological compositions which con- 
tain different types of dry partides have been 
20 previously proposed. Partides ci polymeric 
substances have also been mentioned in this 
respect although the partides have .been of 
quite different types than the n^aomol&- 
cukr materials used in the present inven- 
25 tion. The pardcularly favourable clean sing 
effect obtaii^ in accordance with the pre- 
sesot invention is not obtained with these 
previously proposed compodtions containing 

dry partides. 

30 ~ Li accordance with the invention, the 
water- insoluble hydrophilic macromolecular 
material capable of undergoing limited swell- 
ing to form a gd may contain bydroxyl 
groups; these groups impart the important 
35 hydrophilic property to the macromolecular 
material. The hydrophilic properties of the 
macromolecular material may also be obtained 
by means of carboxyl groups, which are pre- 
ferably present in the form of a physiologic- 
40 ally tolerable salt A carboxyl group-contain- 
ing macromolecular material where the car- 
' boxyl groups may optionally be converted into 
salt form with, for example, a physiologically 
tderable amine, may be suitable for deansing 
45 fluid-discharging skhi surfaces, which, for ex- 
ample, have arisen when the skin has come 
into contact with alkaline substances, such, 
for example, as alkali metal hydroxides. In 
addition, or alternativdy, the macromolecular 
50 material niay contain amino groups and/or 
sulphonic add groups, each of which is pre- 
ferably in the form of physiologically toler- 
able salts, for imparting the necessary hydro- 
philic property to the macromolecular 
55 materiaL Macromolecular materials having 
carboxyl groups and/or sulphonic add groups 
and/or amino groups may also affect the co- 
agulation of the plasma emitted from a sore 
surface, thereby further delaying or prevent- 
60 ing the formadon of flbrin. 

In accordance with the invention, the 
hydrophilic property of the macromolecular 
material is advantageously such that 1 g of 
the dr* material, when swelling in the pre- 
65 sence of water, absorbs at least 0.5 g, pre- 



ferably at least 1 g, of water. On the other 
hand, the swellabili^ of the material should 
not be so hi|^ tiiat the material absorbs too 
much waters As mentioned above the swdl- 
abHity of the material should be such that the 70 
low molecular weight constituents of blood 
plasma, but not niolecuks of the size of 
fibrinogen, are able to penetrate the material. 
In general, I g of the dry maaomolecular 
material should absorb less than 30 g, pre- 75 
ferably less than 25 g (advantageously less 
than 20 g and espedally^ less than 15 g) 
of water. If the gd-forming partides xis^ 
in accordance with tiie invention comprise, for 
example;, dextran or carboxymethyl-dextran 80 
or starch or hydroxyetiiyl starch crosslinked 
by means of epidilorohydrin in alkaline 
aqueous solution to a water-insoluble but 
sweilable three-dimensional network, a par- 
ticularly good result is detained if the degree 85 
of crossli^ng corresponds to a water absorp- 
tion ability of approxunatdy U to 10 g, 
advaruageously approximatdy 2 to 5 g, <tf 
water per gram of dry macromdecular 
material. 90 

In accordance with a preferred embodiment 
of ±e invention, the macromolecular material 
is sdected so that it has a high swelling rate 
when it comes into contact with water or 
widi die aqueous fluid on the skin surface 95 
to be treated. The partides should normally 
absorb water and swell at a rate whidi is 
suflidentiy high that fibrin and fibrin co- 
agulum caimot be formed by the influence of 
the enzyme thrombin etc in the zone ad- 100 
jacent to the discharging surface. Since fibrin 
is formed at different rates widi different 
people there is conveniendy selected a swell- 
ing rate for the partides which is suffidendy 
high for use with people having a high rate 105 
of fibrin fotmation. A good swelling rate is 
obtained by the presence of many hydroxyl 
groups in a three-dimensional network. A 
particularly high swelling rate is obtained by 
the presence of ionizable groups in the net- no 
worK for example carboxyl groups, sulphonic 
add groups and amino groups, any or all of 
which groups may be in the form of salt As 
an example of good swelling rate (caused by 
the presence of, for example, groups selected 1 1 5 
from hydro3nrl groups, carboxyl ^ups in 
sodium salt form, and sulphonic add groups 
in sodium salt form (In, for example;, cross- 
linked pdymers obtained by for example 
crosslinlung dextran or carboxymediyl-dextran 120 
or stardi or starch derivatives with epidiloro- 
hydrin in alkaline aqueous solution)) one may 
mention a swelling rate in physiological saline 
solution or in water which is such that 1 
gram of the dry partides of macromolecular ]25 
material absorbs in 5 seconds more than 0.02, 
preferably more than 0.1, advantageously 
more than 0.2, and espedally more than 0.5 g 
of water. The preferred upper limit on the 
amount of water absorbed under the above 139 
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conditions is 5 more especially 3 and, in 
particular 2 g. 

In accordance with a particularly preferred 
embodiment of (he invention, the water-in- 
5 soluble hydrophilic material capable g£ under* 
going limited swelling to form a gel conspiises 
a three-dimensional network held together by 
bonds of a covalent nature. Thus, for example, 
the macromolecular material may comprise a 
10 hydrozyl group-containing ihreesiimensional 
network held together bonds of a co- 
valent nature, the network comprising 
hydroxyl group-containing macromole^es 
crosslinked by means of bridges connected to 
1 5 said polymer molecules by edier bonds. The 
bridges may be- straight or branched aliphadc 
saturated hydrocarb^ chains subsdtuted by 
one or more hydroxyl groups and containing 
3 to 20 carbon atoms, preferably 3 to 10 
20 carbon atoms, said diains being optionally 
interrupted by one or more oxygen atoms. 
The produa is insoluble, but swellable in 
water to form a gel, said gel in a fully water- 
swollen state advantageously containing more 
25 than 30, preferably more than 50, especially 
more than 60% by weight of water and less 
than 97, preferably less than 95^ especially 
less than 90% by weigiht of water. When the 
crosslinked product contains hydroxyl-groups 
30 and/or carbozyl groups and/or sulphonic add 
groups and/or amino groups, said groups may 
make up more than 5, preferably more than 
10, advantageously more than 20% by weight 
and less than 60, preferably less dian 50, 
35 advantageously less than 40% by weight of 
the dry parncles. In accordance with the in- 
vention, the crosslinked macromolecules con- 
taining hydroiyl groups may be polymeric 
or polymerised carbohydrates or sugar alcohols 
40 or other macromolecular materids contain- 
ing hydroxyl groups. Examples of suitable 
macromolecular materials which are insoluble, 
but swellable in water, are materials obtained, 
for example;, by crosslinking any one or more 
45 of dextran, hydroxyeihyl dextran, carboxy- 
methyl dextran, sulphopropyl dextran, diethyl- 
aminoethyl dextran, hydroxyethyl celliilose,* 
carboxymethyl cellulose, starch, hydroxyethyl 



starch, carboxymethyl starch, any other poly- 
saccharides and polysaccharide derivadve, 
polyvinyl alcohol, sacchartwe, sorbitol and 
maimitol in alkaline aqueous sdudon by 
means of 

(a) an at least bifuncdonal bridge-forming 
substance of the general formula I or 

n 



X— Ax— 2 



and 



1 



0) 



(n) 



wherein each of X, Y and Z, which may 
be the same or different, represents a 
halogen atom, preferably a chlorine or 
bromine atom, and each of Ax and A, 
which may be the same or different re- 
presents a straight or branched aliphatic 
saturated hydrocarbon chain subsdtuted 
, by one or more hydroxyl groups and 
preferably containing 3 to 20 carbon 
atoms, preferably 3 to 10 carbon atoms, 
said diain being optionally interrupted 
by one or more oxygen atoms, or 
(b) a corresponding epoxide compound ob- 
tainable oy splitting off hydrogen halide 
from a compound of the genetil formula 
I or n. 

As examples of bifunctional substances 6t 
the formula 
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X— Ax— Z 

and corresponding epoxide compounds ob- 
tainable from 80 

X— Ax-^: 

by splitting off a hydrogen halide there may 
be mentioned: 



CHr-CH— CH^O— (CH,) »— 0-CH,-CH— CH, 

o o 

85 wherein n, represents an integer from 2 to 4, 

CHr-CH— CHi--0— CHa— CH. ---0---CH,— CH,-^^ 

O O 



CH5— CH— CH,— O— CH— CH^ CH^ 
\ / ■ 
O 



\ / 
O 
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and 



25 



30 



35 



40 



45 



50 



aHa--ai"-C:H2--0--CHa--CH(0H)— CH^ 

0 o 



corresponding halohydrinS, bifunctional 
5 glycerol derivatives of the formula 

^ X— CH,-CH(OH)— CHt^Z, 

wherein X and Z have die meanings given 
above, (for example, dichlorohydrin and di- 
bromohydrin) or corresponding epoxide com- 
10 pounds of the formula 

CH,— CH— CHa— Z 

\ / 
0 

wherein Z has the meaning given above (for 
example epichlorohydrin and epibromohydrin) 
obtainable by splitting off hydrogen halide 



from the bifunctional bridge-forming com- 
pound is 1,2 — 3,4 - diepoxybutane of the 
formula 



CH,— CH— CH— CHs. 

o o 

An example of trifunctional bridge-forming 
epoxide compounds corresponding to com- 
pounds of the formula 

T 

X— Ar-Z, 



CHr-CH— CH,— O— CH|— CH— CH,— O— CH, — CH— CH, 

o o o 

I 



The water-soluble starting material is re- 
acted widi a sufficient quantity of a bridge 
forming substance which is at least b^uno- 
tional to form a water-insoluble gel, i.c. a 
practically infinite three-dimensional network. 
Thus, the afore-mentioned water-soluble 
hydroxyl group<pntaining substances can be 
reacted in alkaline aqueous solution with one 
of the aforementioned bridge-forming sub- 
stances in a quantity such that a gel which is 
insoluble in water, but capable of undergoing 
swelling therein is formed by crosslinking of 
the polymer chains. (Diepoxides and corres- 
ponding halohydrins react, for example, with 
hydroxyl groups to form ether bonds). The 
aforementioned bridge-forming substances 
have the advantage that hydroxyl groups are 
inuoduced into the bridges, thereby introduc- 
ing additional hydrophilic groups into the 
three-dimensional network. Other hydrophilic 
groups, for example carboxyl groups, sul- 
phonic acid groups, amino groups or further 
hydroxyl groups, can also be introduced into 
the hydroxyl group-containing three-dimen- 
sional network by substiwtion. 

In accordance with the invention, a macro- 
molecular product capable of being slowly 
broken down enzymaticaOy to water-soluble 



15 



20 



CHj — CH— CHj 

\ / 
O 

fragments may also be used. Thus, for ex- 
ample, it is possil^ to use starch, hydroxy- 
eth^ staxx±, carboxymethyl starch, or other 
stardi derivative wmcix has been, crosslinked 
in the aforementioned maimer by a bridge- 
forming agent which is at least bifunctional, 
the degree <^ total substxtudon for the starch 
being selected so that <t-amylase is aWe to 
break glucosidic linkages in the three-dimen- 
sional network to such an extent that, if the 
gel particles are not removed after the cleans- 
ing process, diey gradually disappear as 
water-soluble fragments as a result of the hur 
fluence of A-amylase in the aqueous body 
fluid. 

In accordance with the invention, the dry 
particles advantageously have an average par- 
ticle size within the range of 10 — 1000 /i, 
preferably 20—500 «, especially 30—400 ^ 
and more particularly 50—300 /i. The par- 
ticle size can be selected, inter aHa, by conr 
sidering the desired size of the space between 
the panicles. This space should preferably 
be selected so that the aqueous fluid rises up 
between the grains by capillary acdon. At 
the same time, the space should preferably 
be sufficiendy large to allow bacteria and the 
like to pass between the particles. In select- 



55 



60 



65 



70 



75 



6 



1,454,055 



6 



ing the particle size consideradon may also 
be given to the removal of the parddes 
from the area of application. Thus, large 
particles may be selected when these may be 
5 more readily removed from the discharging 
surface. 

la accordance with the invention the 
macromolecular material may be used in the 
form of spherical particles (e.g. obtained by 
10 so-caUed bead polymerisation processes) or 
panicles having irregular conSguration {eg. 
obtained by so^alled bulk polymerisation and 
grinding). Examples of some macromolecular 
materials which can be used according to the 
15 invention provided that thq^ have the ro* 
quired swelling properties are found in 
British Patent Specification Nos. 854,715; 
936,039; 974,054; and 1,013,585. 
The preparations of the invention may conr 
20 tain the macromolecular material in the form 
of a coherent layer and may be applied to 
the discharging skin suiface^ wound or 
mucous membrane surface in such a manner 
as to enable the aqueous fluid on said surface 
25 to be absorbed by the material, whereafter 
the layer of material with fluid absorbed 
therein is removed from said surface. The 
process can be repeated one or more times 
until the desired degree of cleaning is otv 
30 tained. 

The carrier used in the prepaxaticm of 
the invention may be seleaed from inert fil- 
lers and other dennatologically acceptable 
additives, for example soap, invert soap and 
35 other conventional skin cleansing agents. Per- 
fiimes, wetting agents and disinfectants may 
also be used. 

As mentioned above^ the inventioit also 
indudes a pack which contains the macro- 
40 molecular material and one or more protec- 
tive layers for retaining the macron:zolecular 
material when it is applied to a wound. Thus, 
sudi a pack may advantageously be used 
when it is desired to apply a layer of the 
45 macromolecular material to a wound surface 
and to fix it more effectively to the applica- 
tion site by covering the layer with such an 
associated protective layer, for example, a 
film of an elastic plastic material, whidi film 
50 is preferably provided with small openings 
to admit breathing to a certain degree. 

Similarly, for cleansing legsores a pack in 
accordance with the invention contains a pro- 
tective layer in the form of a plastic tube 
55 which can be inserted over the leg portion 
in question. The wbe is then tightened below 
as well as above the legsore, the space be- 
tween the mbe and the leg being filled with 
the polymer particles. 
60 The padc in accordance with the inven- 
tion may also comprise a package which con- 
tains the macromolecular material and means 
for spraying or painting a film-forming liquid 
dressing over the macixjroolecular material or 
65 layer. Especially for the purpose of cle an s ing 



wounds on bands and feet, the pack may be a 
bag containing the macromolecular material 
which can be used as a bandage. 

According to a further embodiment of the 
invention^ the material may bo mixed with, 70 
or iocoiporated in, different inert materials 
to fortrt, for example, dressings or bandages. 
Thus, for exampl^ particles may be mixed in 
dry or wet condition with different fibrous 
materials. Suitable fibrous materials are^ for 75 
example^ cellulose fibres or paper pulp. Cot- 
ton fibres, the lengdi of whidi can be 
diosen havLtig r^ard to the desired usei^ imy 
also be mixed with the partides. The wdgjit 
proportion between partides and fibrous 80 
material can be varied within broad limits, 
for ezansple between 5:1 and 1:5. If .the 
polymer partides are mixed in wet condition 
with the fibre materials, the obtained^ wet 
Tna« is preferably formed to a sheet and die 85 
sheet is then dried* 

The material used in accordance with the 
inventioi^ and any additives for example 
fibres^ can also be imxed with dennatologic- 
ally acceptable binders, for example poly- 90 
ethylene glycols, carboxymethyl cellulose or 
gum arable These binders axe preferably 
sdeaed so that the naixture obtained will 
get a consistency and adherence suitable for 
administration on the body surface, whereby 95 
the parade layer remains on the surface. 
The mixture may suitably have the form oS 
an ointment If necessary, this consistency 
may be obtained by mixing the partides 
with different binders, such as polyethylene 100 
glycols having different molecular weights. 

According to a further embodiment of die 
invention, &e material, optionally with addi- 
tives;, may be enclosed between thin perme- 
able support layers of, for example;, paper, 105 
cotton fabric or an inert plastics material. In 
this connection, die fabric must, of course^ 
have such a mesh size that partides caik- 
not pass through the meshes. Instead of 
fabrics thin fihm of tissue-acceptable plas- tlO 
tics (for example polyethylene^ polypropylene 
or polyvinyl diloride) may be used, said 
filtm being permeable, optionally through 
small openings, to liquids and gases. Bazsd- 
ages having partides endosed between sup- 1 15 
port layers, are suitably divided into a plur- 
ality of stoall sections, for example, in the 
form of a diamond pattern, to impart a 
higher rigidity to the bandage. The two sup- 
port layers can be of the same material or 120 
different materials. In addition to the 
material, the bandages may comprise denna- 
tologically acceptable additives as discussed 
above. The material may also be incorporated 
in different porous foamy tissue-acceptable 125 
materials, for example gelatin foam. 

In man> cases, it is desirable that the 
material be sterile. This can be attained in 
different ways, for example, by heat sterili- 
zation, sterilization by gamma irradiation or 130 
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by treatment with agents capable of killing 
microorganisms. 

In the following Examples, Examples 1 to 
3 exemplify materials suitable for use in the 
5 packs in accordance with the invention, and 
Examples 4 to 6 illustrate the invention. 

Example 1 
After having \mdeigone an operation a 27 
year old woman had a large (5x5 cm) in- 

10 feaed sore on her left foot. The soie dis- 
charged a nasty-smelling liquid. Baaerio* 
logic^ tests showed a pronounced growih of 
5. aureus. For the purpose of cleansing the 
sore^ there was applied directly thereto a 

1 5 layer of substantially dry water-insoluble par- 
ticles ^ dextran crosslmked with epidiloro- 
hydiin (the reaction having been effected in 
allcaline aqueous sohidoi^ cf. British Patent 
No. 974,054) in a quantity 1 g (tf sterile 

20 dry particles per 5 cm' of sore surface. The 
swellability of die particles was such that 1 
g of dry substance absorbed 2.5 g of water. 
The average partide size was approximately 
200 At. 

25 The sore with die crosslinked dextran par- 
ddes applied diereon was covered with a 
sterile gauze bandage. The layer of par- 
ticles was examined after 6 hours and it was 
found that the partides had been converted 

30 to a slighdy yellow gel containing discharged 
fluid, absorbed from the sore. The partides 
had no smdL The gel partides were removed 
from the sore by means of a plastic spatula. 
Remaining gel partides were washed from 

35 the sore with physiological saline sohititHi. 
The treatment was repeated at 12 hourly 
intervals. After 24 hours the sore was found 
to be clinically dean. No signs of infection 
could be clinically observed. The sore pre^ 

40 sented a healdiy granulation surface at its 
bottom and was odourless. Cultures from the 
sore showed only a very slight growth of 
5. aureus. After two days, no bacteria could 
be found. The test was repeated for 5 days^ 

45 without any complications bein^ observed. As 
the sore dried up^ the quanaty of partide 
mass required progressivdy decreased. On 
the 5th day, die sore was found to be 
43x4.5 cm in size. On the sixdi day the 

50 epitcl defect was covered with a pork-skin 
graft, which healed without difficulty and 
within a normal time period. 

Example 2 

A man, 50 years of age, had suffered for 
55 five years from bad drculation in the lower 
part of his Ml leg as a result of constrictions 
in the leg artery, and had suffered for one 
roondi from an infected and extremdy pain- 
ful sore on his left toe. The sore was one 
60 inch in diameter and emitted a discharge. 
Using the same tedmique as that described 
with reference to Example 1, the surface of 
the sc^e was covered with water-insoluble 



spherical sterile particles of diediylamtnoeihyi 
dextran, crosslinked with epichlorohydtin (d. 65 
British Patent No. 1,013,585). The partide 
size was approximatdy 80 fi. The total swell- 
ability per g of the dry polymer was more 
fhan 2 and less than' 10 g of water. The 
swelling rate of the dry partictes in physio- 70 
logical sodium chloride solution was 0.4 g 
per g per 5 sec. Aft«tr three days;, the sore 
was found to be completdy dry arid no dis- 
charge could be seen. Ndther could any 
signs of infection be determined dinically. 75 
The pain experienced by the patient pro- 
gressivdy decreased during the treatment 
period. 

Example 3 

A two year old boy was inadvertently go 
scalded with boiling water on his chest over 
an area corresponding to twice the size of the 
palm of an adult hand. After three hours, 
serious bUsters were observed to have formed 
on die area of die bum. The blisters were 55 
punctured and the burned surface covered 
with a layer dry spherical partides coxif- 
sisting of crosslinlxd stardi prepared as indir 
cated bdow. The partide layer was covered 
widi a dun foil of plastidsed FVC (Gladpadc;, 90 
Union Carbide). The mass of swollen gd 
partides formed by the partides and the 
secretion from die sore was washed away 
four times a day^ and a fresh layer of sphetir 
cal particles consisting of crosslinked starch 95 
being applied to die scalded area together 
with the covering PVC foil after each washr 
ing operation, l^e patient suffered no pain 
whatsoever during tne treatment process or 
when the bandages were dianged. The bums \qq 
healed widiout complication in seven days, 
without die formation of a scab and widi- 
out any sign of infection. The treated area 
remained pale during the whole treatment 
period and showed no signs of swelling. 105 

The spherical particles used, consisting oi 
crosslinked starch, were obtained by a dis- 
persion polymerisation technique in accord- 
ance widi die method disdosed in British 
Patent No. 974,054; in diis mediod, ediylene 1 10 
dichloride is used as a coherent phase in 
the dispersion and epichlorohydtin is used 
as a crosslinMng agent. From the spherical 
particles thus produced, a partide fraction 
having an average diameter of approximately 1 15 
100 nm was removed in the dry state by 
sieving. The water absorption capadty was 
approximatdy 4.5 g of water per one gram 
of dry crosslinked stardi. The partides were 
sterilized by yradiation. The particles can |20 
be completely dissolved by prolonged coisr 
taa with <t-amylase in neutral aqueous solu- 
tioa 

Example 4 

A 25 year old man totally lame from the 125 
navel downwards had suffered a pressure sore 
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on his rig^t side as z result of his invaL'dity 
and his impaired sense of touch. Over a 
period <^ two months, the sore had progres* 
sively deepened and secondary infection had 
5 set in, despite intensive treatment with anti- 
biotics, applied both locally and parentetally. 
Relatively large quantities of material were 
daily exuded by the sore cavity. The sore 
cavity, which had a capacity of 25 ml, was 

]0 filled with particulate material consisting of 
dextran crosslmked with epichlorohydiin 
(average partide size approximately 200 /itn, 
swellabilicy 2.5 g of water per 1 g of diy 
substance), the particles being mixed .with 

15 finely -ground bleached cellulose in the ratio 
particle of crosslinked dextran/cellulose 
wadding=3:l. Over a period of 6 hours 
there formed a fully swollen partide mass, 
which could readily be removed from the 

20 sore cavity by washing the same with a 0.9 
per cent solution of sodium chloride in 
water. The treatment was repeated four times 
a day, and after two days it was observed 
that the sore cavity was perfectly dean with 

25 healthy granulations at die botmm thereof 
and progressivdy decreasing secretion there- 
from. The padent was treated in this manner 
for five days, whereafter the sore cavity was 
plugged widi sodium chloride wad^ which 

30 were changed once a day. The pressure sore 
healed spontaneously twelve days later. 

Example 5 

Parades produced in accordance with the 
invention can with advantage be incorporated 

35 in an inert material havirig no chromato- 
graphic effect, or oxdy a slight effect in an 
aqueous environment^ for example fine paper 
pulp, cotton fabric and macroporous pks- 
tics. In this way it is possible to produce 

40 readily handled, flexible and soft bandages 
or dressings which can be readily applied to 
discharging and weeping skin surfaces for 
die purpose of cleaning die same^ and whidi 
can also be readily removed, 

45 A dressing of this nature was produced in 
the following manner: 4 parts by weight of 
dry spherical parucles (consisting of dextran 
crosslinked with epichlorohydrin in alkaline 
aqueous soludon and having a swellability of 

50 2.5 g of water per 1 g of dry substance) were 
added under agitadon to 2 parts by weight 
of bleached fine paper pulp suspended in 
water. The mixture was stirred strongly with 
a magnet agitator for 30 minutes, whereafter 

55 the mixture was introduced into a Buchner- 
fuimd to which was conneaed, for 12 hours, 
a zone of pressure bdow ambient pressure. A 
dressing was obtained which could readily 
be removed from the glass surface and whi^ 

60 could be subsequendy dried in a heating 
cabinet at 60^C for 12 hours. The dressing 
was examined under a microscope. It was ob- 
served that the fibres of the paper pulp had 
been uniformly distributed between the 



spherical .partides. Thus, a flexible, soft, lig^t 55 
elasdc material was obtained hom which 
pieces could be readily pundied and clipped 
in the desired size. The dressing was also 
fouiKl to possess good tensile strength pn>- 
perries, which could be further enhanced by 70 
mixing an inert binder with it In a similar 
manner, dressings were prepared with die f o^ 
lowing mixing ratios: 3 g paper pxdp/3 g 
macromolecular material, 4 g pulp/2 g macro- 
molecular material, 4 g pmp/1 g macro- 75 
molecular material, 2 g pu]p/4 g macromde- 
cular material, and 1 g pulp/4 g macromolo- 
cular materiaL 

Upon saturating a dry dressing prepared 
in me above manner widi water, a mass 80. 
possessing suitable diromatographlc proper^ 
des was obtained. It was possible to show Ihe 
properties in the following manner. To a dry 
dressing produced in accordance widi the 
above and admixed with 25% by we^t of 85 
fine paper pulp there was.added 25 /d of an 
albumin glycine soludon. The sample was 
absorbed in the dressing hnmediatdy, and 
4 ml of a physiologically accq>table sodium 
ddoride soludon was pipetted immediatdy 90 
ther^er ontD the place where the san^te 
was applied. As die dressing was converted 
to the gel form^ the albumin was s^Tarated 
from the low molecular weight glycin, whidi 
latter was able to penetrate the three-dimen- 95 
sional network <^ the partides. Upon subse* 
quent staining it could be established that 
the albumin fracdon had been separated from 
the glycine centripetally. 

A dry dressing produced m accordance 100 
widi the above method containing paper pulp 
and macromolecular material in a rado of 
1:3 was applied by means of surgical tape 
to a dirty, infected and weeping sore. The 
sore had appeared one week previously as 105 
the residt of a skin bum and secondary in- 
fection had set in. The secondary infecdon 
was serious and the sore painful The dress- 
ing was changed four times a day for two 
ddysj whereafter it could be observed that the 110 
surface of. die sore was perfecdy clean with 
healthy granulation development. The sore 
was painless and less discharge was observed. 
The sore could then be transplanted, and die 
transplant healed without being rejected. The 115 
padent experienced no pain when the dress- 
mgs were dianged. 

Example 6 
An ointment was made up from the follow- 
ing ingredients : 1 20 

Polyethyleneglycol having an average 
molecular weight of about 300 
(Macrogol 300) 14.3% 

Polyethyleneglycol having an aver- 
age molecular weight of about (25 
1500 (Macrogol 1540) 28.6% 

Dry parddcs of crossHnked dextran 
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having an average particle size of 
about 200 urn suod a sweUability 
in water of 2.5 g of water per 
gram of dry substance (prepared 
5 according to British patent No. 
974,054 by crosslinking dextran 
with epichlorohydrin in alkaline 
solution) 57.1% 



100.0% 

10 . bywe^pht 

* The two polyethylene glycol products were 
first nx>lten together to form a melt where- 
upon the. dry particles of crosslinked dextran 
were added to the melt widi stirring. The 
15 mixture was then cooled to about 20°C. 

When applied to fluid discharging wounds 
the obtained ointment presented an excellent 
adherence to the skin. It absorbed the fluid 
on the s>in and had a good cleaning effect 

20 In a manner similar to that described in 
the above Examples 1 — 5, usable dry par- 
dcles <^ other macromolecular products hav- 
ing die required properties can be obtained 
for example by crosslinking dextrai^ car- 

25 boxymethyl dextran {the carboxyl groups be- 
ing in the form of die Na-salt)^ 3 - sulpho- 
propyl dextran (in the form the Na-salt), 
dicdiylamiiioethyl dextran (in the form of 
die HCl-salt), or starch or hydroxyethj^ 

30 starch or carboxymcthyl staidi with 1,4 - 
butanedioldiglycide eiher or other diepoxides. 

The prcxJucts subsdmted widi ionizablc 
groups showed a noticeable rapid swelling. 

WHAT WE CLAIM IS:— 

35 1, A preparation for treating a fluid-dis- 
charging skin surface^ wound, sore or mucous 
membrane, which comprises substantiaDy dry 
•particles of a water-insoluble hydrc^jJiiiic 
macromolecular material capable of undergo- 

40 ing limited swelling in the fluid to form 
discrete gel particles, the sweUability of the 
macromolecular material being such that die 
particles can absorb low molecular weight 
constituents of blood plasma but cannot to 

45 any material extent absorb fibrinogen or other 
substances d the same or bigber molecular 
weight in admixture or conjunction with a 
deimatologically suitable carrier. 

2. A preparation as claimed in daim 1, 
50 wherein the sweUability of the macromole- 
cular xmterial is such diat substances having 
a molecular weight greater than 270,000 can- 
not be absorbed by the gel particles. 

3. A prepararion as claimed in claim 1, 
55 wherein the sweUability of the macromole- 
cular material is such that substances having 
a molecular weight greater than 165,000 can- 
not be absorbed by the gel particks. 

4. A preparation as claimed in claim 1, 
60 wherein the sweUability of the macromole- 
cular material is sud^ that substances hav- 



ing a molecular weight greater than 85,000 
cannot be absorbed by dte gd particles. 

5. A preparation as claicKd in claim 1, 
wherein the sweUability of the macromole- 65 
cular material is such mat substances having 

a molecular weight greater than 50,000 can- 
not be absorbed by the ^1 particles. 

6. A preparation as claimed in any one of 
claims 1 to 5, wherein the sweUability <£ 70 
the macromolecular material is such diat sub- 
stances having a molecular weight up to 
40,000 can be at least paniaUy absorbed by 

the gel particles. 

7. A preparation as claimed in any one 75 
of daims 1 to 5, wherein the swellabilhy of 
tliS~tnacromolecular nnterial is such diat sub- 
stances having a nx)lecular wdg^t ttp* to 
20,000 can be at least partiaUy absorbed by 

the gd parddes. * 80 

8. A preparation as claimed in any one <^ 
daims 1 to 5, \dierein the sweUability of 
the macromolecular material is sudi that sub- 
stances havix^ 3 noolecular weight up to 
5,000 can be at least partially absorbed by $5 
the gd partides. 

9. A preparation as claimed in any ofle of 
daims 1 to 8, wherein the maaorndecular 
material conmins hydroxyl groups. 

10. A preparation as claimed in any one 90 
<^ claims I to 9, wherein the macromolecular 
material contains carboxyHc acid groups. 

11. A preparation as daimipd in any one 
of daims 1 to 10, wherein the macrom^ecu- 

lar material contains sulphonic add groaps. 95 

12. A preparation as claimed in any one 
ct claims 1 to 11, wherein the macromol&- 
cular material contains amino groups. 

13. A preparation as daimed in any one 

of daims 9 to 12, wherein any or aU of the lOQ 
carboxyHc add groups, the sulphonic add 
groups and amino groups are in the form 
of a sah, 

14. A preparation as daimed in claim 1, 
wherein the macromolecular material is sodi |05 
that one gram of the dry material can, in 

the presence of water, absorb at least 0J5 
gram of water. 

15. A preparation as claimed in daim 14, 
wherein at least 1 gram of water can be jiQ 
absorbed. 

16. A preparation as claimed in claim 14 
or daim 15, wherein not more than 30 grams 
oi water is absorbed. 

17. A preparation as daimed in any one i]5 
of claims 1 to 8 wherein the macromolecular 
material comprises dextran and/or carbcsy- 
meihyl-dextran, crosslinked by means <^ epi- 
chlorohydrin in alkaline aqueous solutioi^ and 

is such that one gram of dry material can, |20 
in die presence of water, absorb 15 to 10 
grams ci water. 

18. A preparation as claimed in daim 17, 
wherein 2 to 5 grams of water can be ab- 
sorbed. 1 25 

19. A preparation as daimed in any one 
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(rf r]ain« 1 to 18, wherdu the swelling rate 
of the macronwlccular material in physiologi- 
cal saline solution or in water is such that 
one gram of dry particles absorbs in 5 
5 seconds at least 0.02 gram of water. 

20. A preparadon as claimed in claim 19, 
wherein at least 0.5 gram oi water is ab- 
sorbed in 5 seconds, 

21. A preparation as clamied in dami 19 
10 or claim 20, wherein not more than 5 grams 

<rf water is absorbed in 5 seconds. 

22. A preparation as claimed in any one 
erf r1 ?'"« 19 to 21, wherein not more than 
2 grams of water is absorbed in 5 seconds. 

15 23. A preparation as claimed in any one 
of rWfuvt 1 to 22, wherei^^e macroinole- 
cular material comprises a three-dimensional 
network hdd together by bonds of a co- 
valent nature. . , . 

20 24. A preparation as damaed m any one 
d claims 1 to 23, wherein the macromoleoi- 
lar material contains hydroxyl grouw and 
comprises diains crosslinked by oridges 
bound to the chains by edicr linkages. 

25 25. A preparation as claimed in daim 24, 
wherein each bridge comprises a strai^t or 
branched aliphatic hydrocarbon chain sub-, 
srituted by one or more hydroxyl groups aijd 
containing 3 to 20 carbon atoms, the chain 

30 optionally being interrupted by one or more 
oxygen atoms. 

26. A preparation as claimed m claim Z5, 
wherein the cham contains up to 10 car- 
bon atoms. 

35 27. A preparation as claimed m any one 
of rl>nm^ 24 to 26, whcrcin the macromcrfe- 
cular naterial, when in a fully water-swollen 
state, contains at least 40% by weight of 
water. , . 

40 28. A preparation as claimed m any <Mie 
of claims 24 to 26|, wherein the macromole- 
cular material, when in a fully water-swollen 
state, contains at least 50% by weight of 
water. , . ^ . 

45 29. A pr^>aration as dauned m any <Mie 
of f^a'TTv? I to 22, wherein the macromole- 
cular HMtetial is a crossUnked material com- 
prising carbohydrate structural units. 
30. A preparation as claimed in any <Mie 

50 of claims 1 to 22, whereitt the macromolo- 
cular material comprises any one or more 
ci dextran, hydroxyediyl dextran, carboxy- 
methyl dextran, sulphopropyl dcxtrai^ dir 
ethylaminoctiiyl dextran, hydroxyediyl cdlu- 

55 lose, cart oxymediyl cdlulose, star^ 
hydroxycthyl stardi, carboxymethyl starch, 
polyvinyl alcohol, saccharose, sorbitol and 
mannitol crosslinked in alkaline aqueous sohi- 
tion by means of 

60 (a) ^ bifunctional bridge-forming 

substance of die general formula I or 

X— A,— Z (I) 

and 



X— Ar-Z 
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wherein each of X, Y and Z, which may 
be die same or different, rq^resents a 
halogen atoin, and each of Ai and A3, 
which may be the same or differenj^ 
represents a straight or branched aU- 70 
phatic^ saturated hydrocarbon diab 
substituted by one or more hydroxyl 
groups said chain bdng optionally in- 
terrupted by one or more oxygen 
atoms, or j ^ 

(b) a corresponding epoxide compound of 
-die general formula I or IL 

31. A preparation as claimed in claim 30, 
wherein the bridge-forming substance is any 

one of those specifically mentioned herein;. 80 

32. A preparation as daimed in daim 1, 
wherein the macromolecular material is any 
one of those spoafically mentioned hereirL 

33. A preparation as dauned in any one 

of claims 1 to 29, wherein die macromolo- 85 
cular material is capable of being broken 
down enzymatically to water-soluble frag- 
ments. 

34. A preparation as ciaimed in any one 

of ri^i'tnft 1 to 33, whereitt die substantially 90 
dry particles of macromolecular material have 
an average partide size of from 10 to 1,000 

35. A preparation as daimed in claim 34, 
wherein ihe avera^ partide size is 30 to 95 
400 /)u 

36. A preparation as claimed m any- one 
of 1 to 35, wherein the parddes are 
substantially spheiicaL 

37. A preparation as daimed in any one lOO 
of daims 1 to 3^ wherein the macromole- 
cular naterial is in die form of a coherent 
layer* 

38. ' A preparation as claimed in any <Mie 

of daims 1 to 37, wherein the carrier is a 105 
binder, filler, wetting agent, disinfectant, pcr- 
fume^ or a. mbrture of any two or more of 
such substances. 

39. A preparatbn as daimed in any one 

dt daims 1 to 38, wherein the carrier com- 1 10 
prises a fibrous mateiiaL 

40. A preparation as claimed in daim 39, 
wheiein the carrier comprises cellulose fibres 
or paper pulp« 

41. A pTq>aration as daimed m any one 1 15 
of daims 1 to 40, whidi is in die form of a 
physiologically sterile dressing or bandage. 

42. A preparation as daimed in any one 
of daims 1 10 41, which is in the form of 

an ointment 120 

43. A preparation as claimed in daim 42, 
which conttins as a binder one or more poly- 
ediylene glycols, carboxymediyl cellulose or 

gum arabic , • . ^ 

44. A pack for treating a fiuid-dischargmg 1 25 
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skiQ surface, wound, sore or mucous mem- 
biane^ which comprises a container or pack- 
age containing substantially dry particles of 
a water-insoluble hydropmlic macronoolecu- 
5 lar material capable of undergoing limited 
swelling in the fluid to fonn discrete gd par- 
ticles, me swellabilicy of, the macronoolecular 
material being such that the particles can ab- 
sorb low molecular we^t constituents of 

10 blood plasma but cannot to any material ex- 
tent absorb fibrinogen or other substances or 
the same or higher niolecular wdg^t^ and 
also contaiiing one or more protective layers 
for retainicLg the macromolecular noaterial 

15 when applied to a wound. 

45. A pack as claimed in daim 44j where- 
in the protective layer is a fi?Tw <^ an elastic 
plastic material 

46. A pack as claimed in daim 44y which 
20 comprises, instead oi one or more protective ' 

layers, means for spraying a film-forming 
liquid dressing over the macromolecular 
material or layer. 

47. A pack as daimed in daim 44^ where- 
25 in the macrouiolecular material is sandwiched 

between two permeable support layers, 

48. A pack as claimed in claim 44, where- 
in the protective layer is a film in the form 
of a tuba 



49. A pack as claimed in any one of 30 
claims 44, 45, 47 and 48, wfaerdn the pro- 
tective layer or layers are provided wim a 
pluraHty of small openir^ to admit breath- 
ing. 

50. A pack as daimed in any one of claims 35 
44, 45 and 47 to 49, which is in the form 

of a physiologically sterile bandage. 

51. A pad; as daimed in any one d 
claims 44 to 50, wherein the macromolecular 
material is in admixture with or incorporated 40 
in a domatologically suitable carrier. 

52. A pack as claimed in claim 51, where- 
in the carrier is as specified in any one of 
claims 38 to 40. 

53. A pack as claimed in any one of 45 
daims 44 to 52, wherdn the macromolecular 
material is as specified in any one of claims 

2 to 37. 

54. A prq>aration as claimed in claim 1 

or daim 44, substantially as described in 50 
any one iA Exaniples 4 to 6 hereia 

ABEL&IMRAY, 
Chartered Pateiu Agents, 

Northumberland Housd 
303—306 Holborn, 

Londoi^ WCIV 7LH. 
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